Purpose. To review the outcome of Wagner double intertrochanteric osteotomy for trochanteric overgrowth and a short femoral neck in 7 adolescents. Methods. Records of one male and 6 females aged 15 to 20 years who underwent modified Wagner osteotomy for trochanteric overgrowth and a short femoral neck by a single senior surgeon were reviewed. The diagnoses were coxa vara (n=2), developmental dysplasia of the hip (n=3), LegCalve-Perthes (n=1), and proximal femoral focal deficiency (n=1). Radiological indication for double intertrochanteric osteotomy included a neck-shaft angle (NSA) <120º or a centre trochanter distance (CTD) <28 mm. Function was evaluated using the Children's Hospıtal Oakland Hip Evaluation Scale (CHOHES). The articulotrochanteric distance (ATD), CTD, NSA, and the distance between the centre of the femoral head and the centre of the acetabulum (MZ) were measured on radiographs. 28-86) months. The ATD improved from 16±11.5 mm to -6.3±10.2 mm (p=0.018), the CTD from 27.9±3.5 mm to 36.4±7.1 mm (p=0.018), the NSA from 112º±24.4º to 131º±16º (p=0.028), the MZ from 12.7±6.5 mm to 7.7±4.2 mm (p=0.028), and the CHOHES score from 62.1±8.7 to 84±9.6 (p=0.017). One patient had delayed union. Two patients had persistent Trendelenburg gait. Two patients declined second-stage surgery for acetabular dysplasia after solving the femoral side problems at the first stage. One of them developed hip arthrosis. Conclusion. Double intertrochanteric osteotomy is a viable treatment option for adolescents with trochanteric overgrowth and a short femoral neck.
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Coxa vara and breva with trochanteric overgrowth is a deformity secondary to arrest of the proximal femoral physis. This deformity can be explained by the 3 physeal zones of the proximal femur. 1 Femoral epiphyseal vascular insufficiency leads to ischaemia in the proximal femoral physis that is associated with longitudinal growth, while the trochanteric growth plate is not affected. 1, 2 This deformity is generally secondary to developmental dysplasia of the hip, Perthes' disease, infection, and congenital diseases. [2] [3] [4] [5] It is often associated with a Trendelenburg gait owing to decreased tension and a short lever arm of the hip abductor muscle. In neglected cases, femoroacetabular impingement (FAI) and trochanteroiliac (lateral hip) impingement secondary to greater trochanter overgrowth can occur because of coxa breva. 3, 6 The goal of treatment is to restore hip abductor tension by lengthening the lever arm. Different types of osteotomy have been reported such as distal transfer of the greater trochanter, Wagner osteotomy, and Morscher osteotomy. [7] [8] [9] Wagner osteotomy can maintain the length of the femoral neck and distalisation of the greater trochanter; both improve hip functional and decrease hip pain, and may prevent FAI and lateral hip impingement in long term. 10 This study reviewed the outcome of Wagner double intertrochanteric osteotomy for trochanteric overgrowth and a short femoral neck in 7 adolescents.
Materials and Methods
Records of one male and 6 females aged 15 to 20 (mean±standard deviation [SD], 17.6±1.8) years who underwent modified Wagner osteotomy for trochanteric overgrowth and a short femoral neck by a single senior surgeon between 2007 and 2013 were reviewed. The diagnoses were coxa vara (n=2), developmental dysplasia of the hip (n=3), Leg-CalvePerthes (n=1), and proximal femoral focal deficiency (n=1). The last patient was older and had coxa vara and breva without any cartilage damage.
Indication for surgery was limping and hip pain secondary to coxa vara and breva that could not be resolved with distalisation of the greater trochanter or intertrochanteric valgisation osteotomy alone owing to a short femoral neck. Radiological indication for double intertrochanteric osteotomy included a neckshaft angle (NSA) <120º or a centre trochanter distance (CTD) <28 mm. The CTD is the distance between the centre of the femoral head and the tip of the greater trochanter.
Postoperatively, patients were evaluated for hip arthrosis using the Tonnis classification 11 and persistent trendelenburg gait. Function was evaluated using the Children's Hospıtal Oakland Hip Evaluation Scale (CHOHES) that includes pain, function, physical activity. 12 The articulotrochanteric distance (ATD), CTD, NSA, and the distance between the centre of the femoral head and the centre of the acetabulum (MZ) were measured on anteroposterior or frog-leg pelvis radiographs (Fig. 1) . 4 The ATD is the height of the greater trochanter above the line tangential to the upper pole of the femoral head.
Patients were placed in a supine position. An incision was made through the lateral (Hardinge) approach. The fascia lata was split; the vastus lateralis was detached from the vastus ridge; and 2 parallel intertrochanteric osteotomies were performed. The first osteotomy was at the base of the greater trochanter and the second at the distal line on the superior end of the femoral shaft under the inferior aspect of the femoral neck just above the lesser trochanter. A Kirschner wire was inserted into the femoral neck to obtain valgisation and medial translation. The greater trochanter was transferred to the distal and lateral part of the femoral shaft and temporarily fixed with a Kirschner wire. Osteosynthesis was made using a custom-made trochanteric locking plate.
Postoperatively, active hip motion except adduction was started immediately. Mobilisation with 2 crutches was allowed on day 2. Abduction orthosis were applied for 6 weeks, after which weight bearing with one crutch was allowed. Full weight bearing was allowed when callus formation was noted on radiographs.
The Wilcoxon signed-rank test was used for analysis of non-parametric continuous variables. A p value of <0.05 was considered statistically significant.
results
The mean±SD follow-up duration was 61±22 (range, 28-86) months. The ATD improved from 16±11.5 mm to -6.3±10.2 mm (p=0.018), the CTD from 27.9±3.5 mm to 36.4±7.1 mm (p=0.018), the NSA from 112º±24.4º to 131º±16º (p=0.028), the MZ from 12.7±6.5 mm to 7.7±4.2 mm (p=0.028), and the CHOHES score from 62.1±8.7 to 84±9.6 (p=0.017) [Table] .
No patient developed non-union, deep infection, or implant failure. One patient had delayed union that healed without surgical intervention. Two patients had persistent Trendelenburg gait. Two patients declined the second-stage surgery for acetabular dysplasia after solving the femoral side problems at the first stage. Both had acetabular dysplasia and coxa vara and breva (Figs 1 and 2) . One of them developed Tonnis grade-3 hip arthrosis (Fig. 1) .
discussion
Trochanteric overgrowth is associated with a short lever arm of the hip abductor muscle and results in a Trendelenburg gait. In chronic cases, hip arthrosis may develop owing to incongruence of the hip joint. The goal of treatment is to restore normal anatomy through lengthening of the abductor lever arm. Trochanteric epiphysiodesis is a minimally invasive method to arrest trochanteric growth; it gradually can reduce trochanteric overgrowth by approximately 50% in patients aged <8 years. 13, 14 Prophylactic epiphysiodesis is recommended to prevent further deformity. 4 Nonetheless, it is indicated for younger patients only and cannot be compared with Wagner osteotomy.
Distal transfer of the greater trochanter is recommended for patients aged >8 years. 4, [15] [16] [17] [18] [19] It can increase the resting length of the abductor muscle by about 28 to 31% and abductor muscle power by about 16 to 22%. 15 To enable optimal restoration of ATD, it is recommended for patients aged >12 years. 16, 17 Complex proximal osteotomies are required to lengthen the femoral neck and restore the NSA after distal transfer of the greater trochanter. 3, 4, 7, 8, [20] [21] [22] [23] Double intertrochanteric osteotomy enables correction of complex deformity of the proximal femur. 8 Morscher's 3 parallel osteotomies 7 for restoring normal proximal femoral anatomy can be performed in children with a Trendelenburg gait and limited abduction after the ossification of the greater trochanter. 3, 4, 7, 8, [20] [21] [22] [23] Morscher osteotomy reduced the mean CTD from 33 to 7 mm. 20 It achieved good results in 32 of 37 patients with no or little arthrosis. 21 It is especially indicated in patients with NSA <120º and ATD <0 mm. In patients with CTD <28 mm and ATD <0 mm, double intertrochanteric osteotomy is superior to distalisation of the greater trochanter alone. In our series, 5 patients with coxa vara deformity and 2 patients with nearly normal NSA and shorter CTD could not be resolved with distalisation of the greater trochanter alone. Lateralisation is superior to distalisation of the greater trochanter alone. 22 Clinical outcome is not as good as radiological outcome. The rate of persistent Trendelenburg gait has been reported to be 25 to 33%, 4, [20] [21] [22] [23] which is consistent with the 30% reported in our study. Hip arthrosis may occur in long term. Nonetheless, hip function and pain improve after trochanteric distalisation with relative neck lengthening. 10 A plate with angle blade has been used for collodiaphysis osteosynthesis, and tensionband wiring is added for greater trochanter osteosynthesis. 4, [20] [21] [22] [23] In our study, a custom-made locked proximal femoral plate with a trochanteric hook was used to stabilise trochanteric osteotomy. Although a trochanteric proximal femur plate has been used in paediatrics, it is not appropriate for adolescents.
Limitations to our study were its retrospective nature and a small number of patients. 
